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A GENERIC CONTACT DETECTION FRAMEWORK FOR
CYLINDRICAL PARTICLES IN DISCRETE ELEMENT MODELLING

Y. T. Feng!'* K. Han?, and D. R. J. Owen!

! Zienkiewicz Centre for Computational Engineering, Swansea University, UK
2 CD-adapco, UK

Abstract

This paper aims to develop a generic framework for detecting contact between cylin-
drical particles in discrete element modelling based on a full exploitation of the axi-
symmetrical property of cylinders. The main contributions include: 1) A four-parameter
based local representative system is derived to describe the spatial relationship between
two cylinders so that the 3D cylinder-cylinder intersection problem can be reduced to a
series of 2D circle-ellipse intersections, which considerably simplifies the contact detec-
tion procedure. 2) A two-stage contact detection scheme is proposed in which no-overlap
contact pairs are identified in the first overlap check stage, and then the actual overlap
region is determined in the second resolution stage and represented by two schemes: the
layered representation which is generic, and the edge representation which is numerically
more efficient but less accurate. 3) The most significant contribution is the development
of two theorems that establish a fundamental relationship between the contact point and
contact normal of two contacting cylinders, offering a simple approach to determining
the normal direction based on the contact point and vice versa. These theorems are valid
not only for cylinders, but also for any axi-symmetrical shapes and their combinations.
Some numerical issues are discussed. Numerical examples are presented to illustrate the
capability and applicability of the proposed methodologies.
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1 Introduction

The discrete element method (DEM) [1] has been firmly established as one of the most
effective computational techniques for modelling systems exhibiting discrete or particulate
behaviour in many scientific and engineering applications, especially in porous media, soil
and geo-mechanics, agricultural and chemical engineering, pharmaceutical and material pro-
cessing, to name a few. The success lies in its ability to model individual particle behaviour in
the system concerned by effectively detecting possible physical contact on their boundaries,
followed by evaluating the corresponding contact forces based on a set of contact interaction
laws. Most of discrete element simulations that have been conducted so far employ circular
or spherical particles, and problems with non-spherical particles are typically modelled by
bonding or clumping spherical particles together to represent real non-spherical particles.
There has been an increasing interest, particularly in industrial applications, in using non-
spherical particle shapes as primitive discrete elements. Since the 1980s, there has been a
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